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I nfections acquired in the intensive care unit (ICU) are important complications of the treatment of critically ill patients, increasing morbidity, mortality, and health care costs. 1 Reductions in the incidence of respiratory tract infections have been achieved with the use of prophylactic antibiotic regimens, such as selective decontamination of the digestive tract (SDD) 2,3 and selective oropharyngeal decontamination (SOD). 4, 5 The SDD approach 6, 7 consists of prevention of secondary colonization with gram-negative bacteria, Staphylococcus aureus, and yeasts through application of nonabsorbable antimicrobial agents in the oropharynx and gastrointestinal tract, preemptive treatment of possible infections with commensal respiratory tract bacteria through systemic administration of cephalosporins during the patient's first 4 days in the ICU, and maintenance of anaerobic intestinal flora through selective use of antibiotics (administered both topically and systemically) without antianaerobic activity. 7 Despite the beneficial effects of SDD on infection rates, most studies have lacked sufficient statistical power to detect effects on survival. In metaanalyses and in three single-center, randomized studies, the use of SDD, including a short course of systemic antibiotics, was associated with improved survival. 2, 3, [8] [9] [10] SOD (application of topical antibiotics in the oropharynx only) has been postulated as an alternative to SDD for the prevention of ventilatorassociated pneumonia. 4, 5 Although several studies have identified the pivotal role of oropharyngeal colonization in the pathogenesis of ventilatorassociated pneumonia 11, 12 and the efficacy of SOD in preventing ventilator-associated pneumonia appears to be similar to the efficacy of SDD, 13,14 a head-to-head comparison of the two strategies is needed. Because of methodologic issues, 15,16 such as single-center study designs with limited generalizability, and concern about increased selection of antibiotic-resistant pathogens, 17, 18 the routine use of SDD and SOD has remained controversial and has not been recommended in international guidelines. 19, 20 Me thods
Study Design
We performed a controlled, crossover study using cluster randomization in 13 ICUs between May 2004 and July 2006. The participating ICUs differed in size and teaching status, reflecting all levels of intensive care in the Netherlands. (More information on the ICUs can be found in the Supplementary Appendix, available with the full text of this article at NEJM.org.) Since the interventions included ecologic changes in the ICU, an individualized, randomized design would have allowed the treatment of a patient in one study group to influence the treatment of a patient in another group. Therefore, cluster randomization was used, and all three study regimens (SDD, SOD, and standard care) were administered to all eligible patients over the course of 6 months, with the order of regimens randomly assigned. A crossover design was used to control for unit-specific characteristics. Randomization was performed by a clinical pharmacist who was not involved in patient care in any of the participating units and who was unaware of the identity of each ICU. The order in which the regimens were assigned was randomly generated by computer software (Design, version 2.0, a Systat Module), with allocation to the wards in consecutive order of study start. Study periods were preceded by washout and wash-in periods (for more information see the Supplementary Appendix). The antibiotics used were purchased by the hospitals. All authors vouch for the completeness and accuracy of the data presented.
Patients admitted to the ICU with an expected duration of mechanical ventilation of more than 48 hours or an anticipated ICU stay of more than 72 hours were eligible. Eligibility was assessed by physicians responsible for patient care in each unit. Pregnant patients and patients with documented or presumed allergy to any component of the antimicrobial study regimens were excluded.
The study protocol was approved by the institutional review board at each participating hospital. After reviewing the protocol, the boards waived the requirement for informed consent. Permission to use patient-specific medical data for analysis was obtained from patients or their representatives.
Inclusion rates were determined for each ICU and each study period. Research nurses visited each center regularly (at least twice per study period) and evaluated up to 50 consecutively admitted patients per visit (starting from a randomly chosen date) for eligibility and study inclusion.
The SDD regimen, which consisted of 4 days SOD consisted of oropharyngeal application of the same paste used for SDD, with surveillance cultures of endotracheal aspirates and oropharyngeal swabs obtained on admission and twice weekly thereafter; there were no restrictions on physicians' choices of systemic antibiotic therapy. During the period of standard care, no surveillance cultures were obtained from patients, and there were no restrictions on physicians' choices of systemic antibiotic therapy.
Antibiotic resistance was monitored with the use of point-prevalence studies on the third Tuesday of each month. On these days, rectal swabs and endotracheal aspirates or throat swabs for surveillance cultures were obtained from all ICU patients, whether or not they were included in the study. The prevalence of specific pathogenresistance combinations was determined. (Details on the processing of surveillance cultures during SDD and SOD and on the monthly point-prevalence studies are available in the Supplementary Appendix.)
Approaches to infection control (other than the regimens being studied) did not change during the period of the study in any of the ICUs. (Oropharyngeal care is described in the Supplementary Appendix.)
Statistical Analysis
The original analysis plan, which specified inhospital death as the primary end point, did not take into account analysis of cluster effects and failed to specify how to address imbalances in baseline characteristics between study groups. However, the study design did not preclude postrandomization selection bias. 21 It was subsequently recognized that such an analysis plan failed to conform to the Consolidated Standards for the Reporting of Trials (CONSORT) guidelines for reporting cluster-randomization trials. 22 Failure to account for cluster effects (e.g., with the use of a random-effects model) would have increased the chance of reporting spuriously significant findings, and in the event of selection bias, failure to adjust for baseline characteristics could have led to bias in either direction. 21, 23 When confronted with these problems, we consulted a panel of experts in the field of clinical epidemiology and data analysis with no prior involvement in the study and no knowledge of outcome data. The panel unanimously recommended a revised analysis plan that overcame these problems. This plan specified mortality at day 28 as the primary end point (because it was thought that knowledge of the intervention being applied at any given time could have influenced discharge policies, compromising the reliability of hospital discharge as an end point) and the use of a random-effects logistic-regression model to adjust for all available covariates (the score on the Acute Physiology and Chronic Health Evaluation [APACHE II], intubation status, medical specialty [classified as surgical or other], age, and sex).
This plan was adopted, with no further revisions, and day 28 mortality data were subsequently collected through hospital and government systems (these data had not been available when the analysis plan was formulated). In-hospital mortality, prevalence of antibiotic resistance, and duration of mechanical ventilation, ICU stay, and hospital stay for surviving patients were secondary end points. (Details on the power calculation and statistical analysis of secondary end points are available in the Supplementary Appendix.)
R esult s

Characteristics of the Patients
From May 2004 through July 2006, a total of 5939 patients were enrolled in 13 participating centers: 1990 received standard care, 1904 received SOD, and 2045 received SDD. Permission for use of patient-specific medical data could not be obtained for 12 patients (11 in the SDD group and 1 in the standard-care group), who were excluded from all analyses except those for unadjusted mortality; 44 patients were discharged alive from the hospital but were lost to follow-up at day 28. Overall, 48 patients crossed over to a subsequent study period. The total number of patients included in * Ratios for death are odds ratios, and ratios for time to outcome are hazard ratios. All adjusted and duration outcomes exclude the 12 patients who declined to provide permission to use data, and all outcomes for death at 28 days exclude an additional 44 patients for whom data were unavailable. In-hospital mortality data were unavailable for three patients (two in the selective digestive tract decontamination [SDD] group and one in the standard-care group). Other mortality outcomes include all patients assigned to a study regimen. Data on the duration of the hospital stay and the duration of mechanical ventilation were unavailable for three patients (two in the selective oropharyngeal decontamination [SOD] group and one in the SDD group) and eight patients (five in the SOD group and three in the standard-care group), respectively. † Odds ratios were calculated with the use of random-effects logistic-regression models to account for ICU-level clustering. All models for adjusted outcomes included the Acute Physiology and Chronic Health Evaluation (APACHE II) score (≥20 vs. <20), age (>65 years vs. ≤65 years), intubation status during ICU stay, reason for admission to ICU (surgical vs. medical), and sex. The odds ratios for the outcome of death during the first 28 days were 2.56 (95% CI, 2.26 to 2.92) for an APACHE II score of 20 or more, 1.87 (95% CI, 1.65 to 2.12)
for an age greater than 65 years, 1.67 (95% CI, 1.29 to 2.15) for mechanical ventilation during the ICU stay, 0.61 (95% CI, 0.53 to 0.69) for surgical admission, and 1.09 (95% CI, 0.96 to 1.24) for male sex. Corresponding estimates for death in the ICU and in-hospital death were broadly similar. Hazard ratios were calculated from a Cox regression model with censoring at day 28 and with adjustment for ICU-level clustering (hazard ratios >1.00 indicate a tendency toward a shorter duration of mechanical ventilation and a shorter ICU or hospital stay). Models for adjusted outcomes included the same covariates as those in the logistic-regression models except for the duration of the hospital stay, which was stratified according to surgical status because of a departure from the proportional-hazards assumption. Infinite durations were used for patients who died.
The 25 the study per center ranged from 119 in a 4-bed ICU in a nonteaching hospital to 1013 patients in a 43-bed ICU in a university hospital. (Details on patient enrollment per center are available in the Supplementary Appendix.) Eligibility was determined for a total of 6565 ICU admissions (with 300 to 1518 patients screened for eligibility per center). The average proportion of ICU patients eligible for study inclusion per center was 29.5% and ranged from 16.3 to 51.8%. Patients who were not eligible for the study had short ICU stays, in most cases after elective surgery. Of all eligible patients, 89.2% were included. Inclusion rates ranged from 51.8 to 100% per center. The mean inclusion rates for the SDD, SOD, and standard-care periods were 89.1%, 86.9%, and 91.6%, respectively (P = 0.03 for standard care vs. SOD, P>0.05 for the other comparisons), and rates for the first, second, and third periods were 88.5%, 86.6%, and 92.8%, respectively (P = 0.02 for the first period vs. the third period, P>0.05 for the other comparisons).
There were differences in baseline characteristics between patients in the standard-care group and those in the SOD and SDD groups (Table 1) . Patients who received standard care had slightly lower APACHE II scores, were less likely to be receiving mechanical ventilation, and were more likely to have been admitted for surgical reasons. The proportions of patients who received antibiotics before admission to the ICU were similar in all three study groups. In the SOD and SDD groups, medication was administered according to protocol on 95.7% and 97.5% of all patientdays, respectively. Noncompliance, which was most frequent at the end of the ICU stay, was most often due to the patient's decision to decline medication.
Primary and Secondary Clinical End Points
Crude mortality at day 28 for patients in the standard-care, SOD, and SDD groups was 27.5%, 26.6%, and 26.9%, respectively. In a random-effects logistic-regression model adjusted for age, sex, APACHE II score, intubation status, medical specialty, study site, and study period, odds ratios for death during the first 28 days for the SOD and SDD groups, as compared with the standardcare group, were 0.86 (95% confidence interval [CI], 0.74 to 0.99; P = 0.045) and 0.83 (95% CI, 0.72 to 0.97; P = 0.02), respectively (Table 2) . When covariates were added to the model one at a time in order of statistical significance, it was evident that those with significant imbalances had the largest effect on the odds ratio (for more information see the Supplementary Appendix). The intracluster correlation coefficient was 0.010. With a baseline rate of death during the first 28 days of 27.5%, absolute and relative reductions in mortality at day 28 were 3.5% and 13%, respectively, for the SDD group and 2.9% and 11%, respectively, for the SOD group, corresponding with the needed-to-treat numbers of 29 and 34 to prevent one casualty at day 28 for SDD and SOD, respec- 
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tively. There was a tendency for SDD and SOD to be associated with reductions in durations of mechanical ventilation, ICU stay, and hospital stay (Table 2 ). There was no evidence of an association of temporal trends, autocorrelation, or period-level effects with primary or secondary end points.
Microbiologic Findings
Among patients receiving SDD or SOD as compared with those receiving standard care, crude incidences of ICU-acquired bacteremia were significantly reduced for S. aureus, glucose-nonfermenting gram-negative rods (mainly Pseudomonas aeruginosa), and Enterobacteriaceae (Table 3) . Patients receiving SDD had a lower incidence of ICU-acquired bacteremia with Enterobacteriaceae than did those receiving SOD. The incidence of ICU-acquired candidemia tended to be lower in the SDD group than in either the SOD group or the standard-care group, although the difference was not significant. No significant differences among the three study groups were observed for infection with Streptococcus pneumoniae or Enterococcus species. Clostridium difficile toxin was detected in 15 patients (0.8%) in the standard-care group, 5 patients (0.3%) in the SOD group, and 9 patients (0.4%) in the SDD group. The estimated completeness of surveillance cultures per center was, on average, 87% (range, 70 to 97) for respiratory tract samples and 87% (range, 62 to 100) for rectal samples. The rate of isolation of gram-negative bacteria from rectal swabs among patients receiving SDD was reduced from 56% at day 3 to 25% at day 8 and 15% at day 14 (Fig. 1) . The rate of culture positivity for gram-negative bacteria in oropharyngeal swabs from patients receiving SDD ranged from 18% at day 2 to 4% at day 8. Among patients treated with SOD, culture positivity ranged from 20% at day 2 to 7% at day 8 (Fig. 1) . In all, 2596 patients were included in the monthly point-prevalence surveillance studies for respiratory tract colonization (894 in the SDD group, 811 in the SOD group, and 891 in the standard-care group), and 2963 patients were included in the analysis of rectal colonization (988 in the SDD group, 947 in the SOD group, and 1028 in the standard-care group). Estimated completeness of culture surveillance per center was, on average, 87% (range, 67 to 98) for rectal samples and 82% (range, 69 to 95) for respiratory tract samples. The data from six point-prevalence measurements per study period were analyzed together. For all pathogen-antibiotic combinations, the rate of nonsusceptibility was less than 5% (Table 4) * The total number of rectal samples and the mean (±SD) number of patients from whom they were obtained during the six point-prevalence surveys were as follows for the three study groups: standard care, 1028 samples from 171±13 patients; selective oropharyngeal decontamination (SOD), 947 samples from 158±11 patients; and selective digestive tract decontamination (SDD), 988 samples from 165±8 patients. The total number of respiratory samples and the mean number of patients were as follows: standard care, 891 samples from 149±3 patients; SOD, 11 samples from 135±12 patients; and SDD, 894 samples from 149±7 patients. † The aminoglycosides were gentamicin and tobramycin. ‡ These bacteria are resistant to the aminoglycosides gentamicin and tobramycin and to ciprofloxacin or ceftazidime. § These bacteria are resistant to the aminoglycosides gentamicin and tobramycin and to ciprofloxacin and ceftazidime. ¶ P<0.05 for the comparison with SDD. ‖ P<0.05 for the comparison with SOD.
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tibility was less than 2.5% for two antibiotics and less than or equal to 2% for three antibiotics. The proportion of patients with gram-negative bacteria in rectal swabs that were not susceptible to the marker antibiotics was lower with SDD than with standard care or SOD (Table 4) . The proportions of patients with nonsusceptible bacteria in respiratory tract samples were similar in the SDD and SOD groups and were lower than the proportion in the standard-care group. There were no patients with methicillin-resistant S. aureus; eight patients had vancomycin-resistant enterococci in rectal swabs: six in the standard-care group (0.6%) and two in the SOD group (0.2%).
Antibiotic Use
The median number of defined daily doses of systemic antibiotic agents (including antifungal agents) per patient-day did not differ significantly among the SDD, SOD, and standard-care periods: 0.72 (interquartile range, 0.44 to 1.33), 0.84 (interquartile range, 0.25 to 1.58), and 0.84 (interquartile range, 0.29 to 1.55), respectively. During treatment with SDD as compared with standard care, the use of antimicrobial agents with antianaerobic activity was reduced by 27.8% for broad-spectrum penicillins, 45.7% for carbapenems, and 11.6% for lincosamides (Table 5) . Furthermore, quinolone use (mainly ciprofloxacin) was reduced by 31.4%. In contrast, systemic use of cephalosporins increased by 86.6%. There were less pronounced differences in antibiotic use between the SOD group and the standard-care group (Table 5) . Total defined daily doses were 11.9% and 10.1% lower with SDD and SOD, respectively, than with standard care.
Adverse Events
In one patient receiving SDD, esophageal obstruction developed as a result of clotted oropharyngeal medication, which was removed through endoscopy. 24
Discussion
These data show an absolute reduction in mortality of 3.5 and 2.9 percentage points (corresponding to relative reductions of 13% and 11%) at day 28 with SDD and SOD, respectively, among patients admitted to Dutch ICUs. Patients were treated with topical components at a cost per day of $1 for SOD and $12 for SDD, without evidence of the emergence of antibiotic-resistant pathogens or increased rates of detection of C. difficile toxin (at least during the relatively short period of study). This benefit was discernible only after adjustment for covariates. The overall study period was not long enough to evaluate the effect of the prophylactic regimens on microbial flora. The strengths of the study include its pragmatic, multicenter, crossover design and the monitoring of inclusion rates. Overall, an estimated 89% of eligible patients were included. Cluster randomization was needed to avoid the possibility that one study regimen would influence the outcome of another regimen. A consequence of this study design is the absence of concealment of randomization. Although randomized treatment assignments for study periods were concealed, the actual inclusion of patients was not randomized, and the physicians responsible for patient inclusion were aware of the assigned intervention. Blinding of physicians (or having a third person, who was unaware of the assigned interventions, overseeing inclusion) was deemed impossible. To minimize the risk of selection bias due to differences in patient inclusion among study centers and during different study periods, inclusion rates were monitored frequently for any instances of selective inclusion. Nevertheless, despite the use of objective inclusion criteria and the provision of continual feedback on inclusion rates to the participating centers, baseline differences were present between the standard-care group and both intervention groups, with patients in the intervention groups tending to be older, more likely to be intubated, and less likely to be surgical patients and tending to have a higher baseline APACHE II score. These differences were not consistent with chance, and they account for the differences between the crude and adjusted outcomes ( Table 2) . The microbiologic aims of treatment with SDD or SOD were achieved in this study. During the SDD periods, all patients received intravenous prophylaxis with cefotaxime, and the desired microbiologic effects on carriage of gram-negative bacteria in the respiratory and intestinal tracts were achieved. Rates of eradication of gram-negative bacteria in the intestines and oropharynx were slightly higher than those reported by Stoutenbeek et al. 7 and others. 25,26 During the SDD and SOD study periods, prevalence rates for antibioticresistant gram-negative bacteria were lower than they were during the standard-care periods. These results are consistent with the finding, reported by de Jonge et al. 2 and others, 27,28 that in settings with low levels of circulating antibiotic-resistant organisms, SDD is not associated with increased selection or induction of antibiotic resistance in the short term. However, in settings with high levels of endemic, multidrug-resistant gram-negative bacteria 17, 29 or methicillin-resistant S. aureus, 18 SDD was associated with increased selection of such pathogens.
A limitation of our study is that the original analysis plan was not appropriate for the study design. Although analyses similar to that originally proposed have been widely used to assess data from cluster-randomization trials, they increase the chance of incorrect inferences. Conclusions based on such analyses cannot be considered reliable. 21, 22 Faced with the choice between performing an analysis known to be inappropriate and creating a new analysis plan, we decided that the latter was preferable. Very similar conclusions about the interventions would have been reached had the primary outcome been inhospital mortality, as originally planned (with SDD very slightly less effective than SOD), after adjustment for baseline imbalances (Table 2) . Evidence for the effectiveness of the interventions is supported by the significant reductions in the incidence of ICU-acquired bacteremia for important nosocomial pathogens in both intervention groups. Of note, the multiple comparisons of standard care with SDD and SOD increase the likelihood of type I errors.
Our finding that SDD and SOD have similar effects on survival raises questions about the relevance of systemic therapy with cefotaxime during the first 4 days of gastric and intestinal decontamination. Considering the importance of antibiotic resistance in ICUs, the SOD regimen seems preferable to the SDD regimen because it does not include widespread systemic prophylaxis with cephalosporins and involves a lower volume of topical antibiotics, thus minimizing the risk of selection for and development of antibiotic resistance in the long term. Furthermore, oropharyngeal decontamination with antiseptic agents, such as chlorhexidine, might be an alternative in environments with high levels of antibiotic resistance. 13, 30, 31 Dr. Bonten reports receiving advisory-board fees from Ipsat Therapies, 3M, and Novartis; consulting fees from Novartis, 3M, and Bayer; and lecture fees from Cepheid and Pfizer. Dr. Kluytmans reports receiving consulting fees from 3M, NovaBay, and Wyeth and lecture fees from 3M and Becton Dickinson. Dr. Cooper reports receiving a lecture fee from Novartis. Dr. Voss reports receiving grants from 3M and Medica. No other potential conflict of interest relevant to this article was reported.
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